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Architecture

Embodied
Environmental Impact

Transformation of the Traditional Hanok

The Hanok, a Korean traditional housing, is
under the transformation to “Aybrid Hanok” for
zero—energy performance.

What is the Hanok’s materials?
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Wood, the main material of Hanok, commits to
40% reduction in carbon emissions by 2030.
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What is the Hanok’s structure?

R Purlin
NG Girder
«----Roof tile
e Pillar
CERCFT TTTwTos Stylobate

Unigueness of Korean timber structure in Hanok



@ Design Constraints

Architecture

sn:m

N

Hanok Users’ Perceptions and Evaluations Design Constraints toward Zero Energy Hanok

Roadmap of Zero-energy Building
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= 2020 > 2025 > 2030
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Public Buildings
60% _ (Over 500mi)
] — & — &
: il e
40% =
Building Energy Regulations
20% 2 Building Design Criteria for Energy Saving (BDCES) Mandatory Mandatory
fﬁ Prescriptive Method Present From 2025
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@ Site Contexts and Location & myone) CAMU

Sajik-District (site), is located in the office center of Seoul, South Korea.

l Culture heritage
Inwangsan

. o The entire mountain is f
Architecture m Residence made of granite and the 4,

bedrock is exposed.
% Building A @

F
S. Korea Seoul Jongno-gu
@ sajik-District (site)
. Gyeongbok Palace

@ Sajikdan

An altar built by King Taejo

along with Jongmyo Shrine |

during the Joseon Dynasty.
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%3] Project Target # myons! CAMU

The increasing rate of shared offices in Seoul

Architecture It is showing the distribution of shared offices and general offices in Seoul.
There is no shared office in Sajik—-dong, Jongno—gu, our site.

Seoul
e 3 [}
\ ~
Sajik-District (site)
°
O o
: % .
South Korea 9% ¢ . ®
® 4 *s
° ®e °
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The increasing trend of shared offices in Seoul 9 Han River °® o
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160 WeWork-has entered Korea A [}
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60 Establishment of WeWork

40 - Accumulated supply area
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Design Vision
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@ Design Strategies

Architecture

OLD&NEW OLD&NEW

FACILITIES ARCHITECTURE

PROJECT DATA

INCUBATING COMMUNITY MODULIZATION

Location

Climate

Total Floor Area and Unit Area

The Total Floor Area Ratio of Office to Non-office Space
Space Use and Occupancy

Target Site EUI

Target Source EUI

Construction Cost

1-28, Sajik-dong, Jongno—gu, Seoul, South Korea

Hot & Humid (Summer) and Cold & Dry (Winter), Similar to the U.S climate Zone 4A
4,136 m? (44,527 ft?)

53.6% (office) : 46.4%(non - office)

Office, Atrium Office, Commercial, Community Center

Shared offices, Business incubator center, retail shops, community center, Historic site
Site EUI 129kWh/m?yr (40.9 kBTU/ft?yr), Source EUI 187kWh/m?yr (59.3 kBTU/ft?yr)
USD 18,811,201 ($4,500/m2, 420/ft?)




@ Programming: 15t Floor

Architecture
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2101010
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1) Commercial

@ Historical site (Ahnhyangcheong)

4) Community sevice center ® Office

3) Atrium

Staircase seating area in atrium
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Programming: 2" Floor
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@ Climate Responsive Design

Architecture

Embodied
Environmental Impact

10

Eaves

Opening

Yard

® Double skin

® Shading device

® Porous pavement

Old & New



@ Fire Resistance and Seismic Resilience

\% @ Column + Beams
. Fire Safety Treatments
Architecture @ )

Durability Eco—friendly Flame Retardant

and Resilience
Fire retardant treated wood
provides benefits like a
Engineering significantly  slower ignition
time, less smoke production,
and no flaming droplets.

Integrated

Performance

Minimize Toxic gas

Energy The internal finishing . .

. +
materials are made of wood to ormerstone + ~olumn
minimize toxic gas emissions. @9 @

Occupant Experience = Heavy-Timber

Glulam Column

Glulam beams and columns
Comfort have given three off-the-

shelf structural connectors a Natural Rubber

minimum one-hour fire rating, Bearing

Market Analysis opening new opportunities for Tensile Resistance
mass—timber construction in Connector
buildings.

Conclusion Natural Rubber

Bearing

Cornerstone

11 Cornerstone + Column

Roof @

o9

ﬁ Roof Beams
O7—  Beams
%

S ] Inner Fixed
N
—@ Connecting Fixed Jaw
Hardware
High Strength Bolt
Roof Tile
Column
Column + Beams Roof Tiles
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Integration of Structure and Envelope

o,
& myons)l CAMU

Architecture

Engineering

Integrated
Performance

Wooden Beam

H-Shaped Column

Connecting Hardware
Wooden Beam
Existing Column

High Strength Bolt

Stud

Cross Sectional Area
Existing = Proposed

However,

Wooden Beam

Bending Performance

Connecting Hardware

Wooden Beam

Existing { Proposed
(20.9%A)

H-Shaped Column

Airtightness, Thermal break High Strength Bolt

Composite-
Structural
Insulation Panel

Existing { Proposed

Column

Existing Design (Square Column + Walls)

/ Cross- 330mm x 330mm

section

b_h3 _ 330 x 3303
Bending 12 1
Performance  — 9g882.68 x 106

Proposed Design (H-Shaped Column + Walls)

480

oy

0S¢

Cross— 480mm X 40mm X 2
section  280mm X 250mm

bh® 40 x 4803 250 x 280°

Bending =~ 1z **" 1«
Performance — 1194613 x 106




@ Modular Design & Construction & myone) CAMU

Standardized Element Location On-site construction
14%

Prefabrication
86%

ry fabrication
86%

OOl e S '\ \ ComPONENT Applied areas of box modular structure
\\\\\\\\\\\\\\\\\\\\\%&&\\\w\\ .......................................................
A\ :
2F PLAN

MODULAR ‘N : MODULAR
FOUNDATION | STRUCTURE
COMPONENT | COMPONENT
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Local Supply of Recycled Materials _Ii' MYONGJI CAMU

Embodied

Environmental Impact

Market Analysis

14

7emi/2H5v  Hwacheon Wood Science Complex

160Mi / 3H Korea Forest Cooperative Federation

Wood Distribution Center - Deciduous wood
wallboards, Board siding, Deciduous wood collecting boards

KYUNGMIN Industry - GLT/ GLULAM

52Mi / 1H 30M

o ff

N t > ”
4
w v ‘ A
sd W
Iy} 5 A
CO2 Emission Reduction
compared to RC
‘t )
-5‘. CO2 Emission Reduction compared
to imported products
W Wooden Module RC T
S s
3 The number of waste wood recycling companies in Korea. P .
- ) . (Source. Korea Wood Recycling Association) 9 --------------------- n&
5 B L. @ < > <
H I | 0 Korean GLT Imported GLT
PRODUCTION CONSTRUCTION USAGE TOTAL AMOUNT
STAGE TONCO2/ STAGE TONCO2/ (OPERATION) TONCO2/

STAGE TONCO2/



) MEP Systems

Hybrid Window UFAD (Underfloor ERV (Energy
Ventilation System air distribution) Recovery Ventilator)

ESS (Energy
Storage System)

Integrated Geothermal

LED lighting Chilled Beam Piping System Heat Pump

&> | @ | -

* Apply to ceiling * Apply to office « Apply to roof, wall, « Apply to water sink * Apply to basement
lighting ceiling shading louvers MEP rooms

* Apply to windows « Apply to office floors « Apply to underfloor « Apply to basement

MEP rooms

Engineering

Integrated
Performance

il . A

o g

f
|
R

Heating Season

COMPRESSOR

15

EXPANSION VALVE



Double Skin Facade

Architecture

Integrated
Performance

-l

T30 FIRE PLASTER BOARD
T140 PLYWOOD

ANTI-VIBRATION SYSTEM
WOOD FINISHING

VERTICAL SHADING LOUVER PIVOT
SPIDER CLAMP

PV-INTEGRATED VERTICAL LOUVER (SINGLE-AIXS)
OUTSIDE : 6.4mm SINGLE PANE LOW-E GLASS

INSIDE : 24mm DOUBLE PANE LOW-E GLASS
(16mm ARGON FILLED CAVITY)



Continuous Insulation Envelope

Construction Details

' Window Frame
Architecture

Tr Plex Glass System

Windows
Durability i
ili ———@ tight
and Resilience @ irtight Tape
GLP Wood

(Glue Line Protection)
Insulated Door

@ PANELITE
Bonded Series™  (Glass

Engineering

Insulation
(Glass wool)

Integrated
Performance

LESS WEIGHT,
HIGH STRENGTH

EFFICIENCY
(70— 80 % LESS RAW MATERIAL)

DIRECTIONAL

TRANSPARENCY, PRIVACY EXPANSE OF CURVE & COLOR

ENERGY & DAYLIGHTING

Composite Structural Insulated Wall Panel (C-SIP)

osB 0SB outer

U-Value according to wall insulation thickness
76° 28°

Occupant Experience

f—
facing » —=

F % e 14 > [

Fiberg Foam core N |7 E

cavity 3

insulation —— OSB inner I
facing —»

gyspum board

Comfort

Condensation

Wall - STC(Sound Transmission Class) - 59

@ Light Environment

Summer Winter

Solar Altitude Angle
Seoul Korepa

.
N X<

Sound Environment

Floor - Soundproof borad

i location due to
Market Analysis air leakage and -
convection in — bt e —
cold climate ) e L ey
Typical Stick Frame Wall SIP Wall — — J— [  —
« Cavity within typical frame wall is « Core is “solid” and “homogenous” ) | . =3 [ T T =
Conclusion prone to airflow and convection and “air impermeable’ - S S

17

« Condensation can occur at exterior
sheathing in cold climates

€0008 Bulding Science Corporation

Wall U-Value target Insulation thickenss / U-Value

0.154W/m2K 0.118W/m2K 0.095W/m2K

Overseas average case

0.105W/m2K

Traditional Hanok

3.525W/m2K

« Convection and air leakage is not
possible within SIP

* Condensation due to convection
and air leakage within SIP is not
possible

Hybrid Hanok taget
0.150W/m2K

—

Heat Environment / Moisture

C-SIP Wall THK 200 : Uvalue = 0,118W/m2K

e sar propees

Tyom o Pebpter Tracmcon Comepornte

ot Fergss

(Grade s




Continuous Insulation Envelope

# 240 Ridge Purlin —Roof Tile
A 90135 Ridge Purlin Support  |—T100 Dr ied Mud
Architecture 790 Truss Post |—T100 Filling Tinber
t—Waterproof Plywood
|—T10 088 Board

—2°X8" Butcher Block/T180 64K Fire Plaster Board
—T15 Roof Board

Durability
and Resilience

Engineering 85X90 Yeonhan
85X75 Imaegi

90X120 Buyeon

.
~\

m

=

i

Integrated
Performance

85X75 Chomaegi
T15 Buyeon Suppor t Board
90X120 Buyeon

T ————
[ F————]

|l fannel
. rmed Concrete Pannel
A ®
- gol
o
SCHOCK ISOKORB TYPE S Lightweight Steel Frame Polycarbonate Bar

T12 Sound Absorption Tex Side LED @ 10~

Tempered Glass

Occupant Experience

T30 FIRE PLASTER BOARD

T140 PLYWOOD

ANTI-VIBRATION SYSTEM

Comfort T80 Pebble —

Steel Support Structure —
T24 Waterproof Finish —

W0OD FINISHING

THK 9 CRC BOARD

THK 12.5 WATERI OF PLASTER BOARD

THK 250 POLYURETHANE FORM INSUL

- - - - - - - “ wn.v

5 TNV NTETATAYNETETAYANATD YOIV i =

Market Analysis

v\

Conclusion
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Existing roof section Existing balcony section

Ea‘.{\zw‘imu.’\;‘

THERM Simulation
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@ |OT-Based Indoor Environmental Quality Monitoring & myone) CAMU
Data Storage & Post — Processing Al Optimization

~ Data Visualization

QEJ Light i Data Processing ‘v
2 _[emperare & E
(%] Sound @-—
c
_g Air Local Data Storage o
@© st i
8 Indoor PCB i : : VR based
& L E Visualization
< 1
= . tt-1--» 00
5 1L e e) W,
_.l- Wearable Al based
- Visualization Data

Outdoor PCB Outdoor Dashboard Optimization

..............
......

Occupant Experience

Real-time IEQ Monitoring and Visualization




@ Daylighting Performance

% of occupied hours with at least 300 lux % of floor area with at least 300 lux for 50% of the annual occupied hours
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Percentage of occupied hours where illuminance is at least 300 lux. measured at 0,85 meters above the floor plate.
W Uncens

| W 25 W s0%
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Comfort
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UNIVERSIT

3 Thermal Comfort & Air Quality of UFAD 5 myons)l CAMU

Under Floor Air Distribution

Under Floor Air Distribution Task Ambient Conditioning

==

=)
-

Temperature (deg F)

Under Floor Air Distribution Over Head Air Distribution

Occupant Experience

1500 1225 950 675 400

Contaminant (ppm)




@ PV Modules and Renewable Energy Generation 5 MYO

Solar PV Location

2. Atrium Roof PV Arrays

D e e " — —
Area : 591.01m? Area : 465m? 3
Type : Thin Film Type : Crystalline Silicon
Efficiency : 10% Efficiency : 19%

Array Type : Fixed Array Type : Fmed - -
DC System Size(KW) : 59.1 DC System Size(KW) : 88.35

3. Wall-mounted 4. PV-Integrated

BAPVs Vertical Louvers
Integrated . : | /
Performance ‘ ‘ - ST
Azimuth : 135/225 , Tilt : 90 ?_Z'ltm;gi : 90/135/225/270
Area : 39.79m2/92m? it -
Ty:: 5 Crysta"%\/e S?I:con Area(m?) :12.9/74.1/38.8/11.5
Energy Efficiency : 19% Type : Crystalline Silicon
2 Array Type : Fixed EfﬁeieTncy: 119%M .
i A Array Type : 1-Axis Tracking
4 PESatm SoR(N) =7 00140 DC System Size(KW) : 2.45/14.07/7.3/2.18
g ’\" RS Y
. V-Integrated Roof ver.2 BIPV + BAPV Renewable Energy Generation
N Azimuth: 135, Tit 30 12346 2.3-456
Area : 413.7m a .
Type : Crystalline Silicon
Efficiency : 19% . W
_ Array Type : Fixed ; \ gl
DC System Size(KW) : 78.6 . 407.787 KWhivr
e 381,493 KWhiyr 297 lyr

92 KWh/me/yr 98.3 KWh/mifyr

6. Solar Canopy i

Azimuth : 225, Tilt : 15 ‘/l //
Area : 492’ : _ .y =

i . e o * Roo! tile Bir s Atrium PV Array
Type : Crystalline Silicon I aWall-Mounted BIPV / SE « Wall-Mounted BIPV / SW
Efﬁciency : 19% § « PV Intagrated Shading Davice / E =PV Integrated Shading Device / §E
An'ay Type : Fixed PV Integrated Shading Davice / SW » PV Integrated Shading Device / W
DC System Size(KW) : 93.48 %, Solar Canopy

22



@ Energy Balance

SCENARIO 1: ASHRAE 90.1-2013 SCENARIO 2: ASHRAE 90.1-2019

SCENARIO 3: TEAM's STANDARD

Wall Insulation - 0.59 Wim2K Wall Insulation - 0.36 Wim*K Wall Insulation ['0.11 wime
Floor Insulation 0.32 Wim2K Floor Insulation 0.32 Wim?K. Floor Insulation 0.12 WimK
Roof Insulation 0.18 Wim?K Roof Insulation 018 W/im?K Roof Insulation 0.13 WimK
Glazing U-Factor 1.99 Wim?K Glazing U-Factor 2.56 W/m?K Glazing U-Factor 1.9 Wim?K
Visible Light 042 Visible Light 042 Visible Light 042
Transmittance Transmittance Transmittance
Solar Heat Gain 0.4 Solar Heat Gain 033 Solar Heat Gain 0.33
Coefficient Coefficient Coefficient
Infiltration Rate 7.2 m’lm*h Infiltration Rate 7.2 m*m?h Infiltration Rate 7.2 m’lm>h
Ventilation Rate 15 L/s-Person Ventilation Rate 15 L/s-Person Ventilation Rate 5.5 L/s-Person
Equipment 25 Wim? Equipment 25 Wim? Equipment 8.1 Wim?
Lighting | 10 Wim? Lighting | 10 Wim? Lighting | 5.3 W/m?
SITE EUI SITEEUI SITE EUI
(4 ¢
‘ 450 } Cgfwﬂﬁ%n . ‘ 2{2 ! Co_ ' y.é ,_ .
KWh/miyr KWh/mgr KWh/myr
Geo-Thermal PV Modules Energy Balance BUIIdIng Energy Performance Level
187 kWh/m?yr 129 kWh/m2yr 41.0 kWh/m?yr 92,0 kWh/m2yr -4 kWh/m2yr

Level SOURCE EUI(kWh/m?-yr)

T+++ 8ooat Hybrid Hanok (Non-residential)

T4+ 80014 1400]3t 187(kWh/m?yr)
1+ 1400|4 2000(2t Q Q ‘ . g
1 200014 260012 Heating Coofllmlg Hot water Lighting Ventilation Source EU\

2600|4 3200(2+

320014 38002t

3800|4F 4500|2F

4500|4 5200|2

520014 6100/2¢

Heating Cooling Hot Water Ventilation Lighting

B Geo-Thermal Solar Energy 7

N

23

6100|144 70002¢ Article 15 of the Green Buildings Construction Support Act




@ Construction Cost Breakdown

Construction Cost Breakdown

$18,811,000

$422 per ft? or
34, 538 per m?

Market Analysis

Construction works

z § Active equipment, Renewable energy systems USD
i ':é Energy monitoring systems USD
S 2 Civil engineering USD

Disaster prevention equipment USD

Active + Renewable energy system

T
" o )
=1
| ——
I

Construction work

USD 13,544,064

3,574,128
752,448
564,336
376,224

Extra Cost for Zero—Energy Hanok

® Active + Renewable energy system ® Hanok construction
(0)
+ 33%

: Energy monitoring system

' Disaster prevention equipment

- USD 18.811.201

USD 422 per ft2 (or USD 4,538 per m?)
( Total floor area - 44,527 ft? or 4,136 m?)

4+
(72}
o
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©
+
o
-



@ Construction Cost Savings & myone) CAMU

Cost Saving Projection Cost Saving by Financial Resources

L (Y 8

e Y / Q,/
Modular Ene.rgy Governmental
construction Savings subsidies

—20% ~T9= 8ol |- 0%

—-20%
=45%

Market Analysis

kS| D P S i i
USD 4,671,459
uSb 25365

USD 8,408,626
USD 188 per ft2 (or USD 2,033 per m?)

Using modular construction saved

Energy savings

Governmental subsidies

(2/3 of the construction cost, Max USD 125,365)

n
(@)
£

n
2 3
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o ©
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Integrated Building Performances

Architecture

Durability
and Resilience

Engineering

Integrated
Performance

Embodied
Environmental Impact

Occupant Experience

Comfort

26

Green space

Reduce the urban heat island
effect and maximize the
efficiency of water management

" Passive
.y

B N

High—performing
envelopes

Reduce energy loss by air—
tightened insulation, composite
structural insulation panels

i g

Solar collectors
Reduce lighting energy by
offering daylight into deep
spaces

TR
il
A -

Recycled water loops

Reduce water usage by recycling
rain water from gaveled roofs to
porous pavements

Geothermal heat pump

Reduce heating and cooling
energy by stable geothermal
heat pumps through the year

Noise barrier walls

Block transportation noise
transmission and generate the
electricity from BAPV

L T
B e
IS

Double skin facades
Reduce fan, heating/cooling, and
lighting energy by improving
natural ventilation and
daylighting

N

t

Recycled CLT

structure components
Reduce CO2 emission by
recycled CLT columns and
beams from local manufacturers

-
BIPVs and BAPVs

Generate the sufficient amount
of electricity from roofs, walls,
shadings of building envelopes

Modular systems

*

Reduce construction periods
and costs by applying modular
design and modular construction
process

Aerogel glass facades
Improve glass fagade
“ performances by applying with
. highly-insulated glass materials

Thermal breaks

Minimize energy loss by designing
thermal break boundaries
between building structures and
balconies

IOT-responsive controls

Maximize the efficiency of
indoor environmental controls
using IOT sensors and
visualization

1 E y
. Earthquake—adaptive

/ 0 structures
4 Improve structural safety in

case of growing earthquakes

= - e



@ Project Conclusion & myone) CAMU

4

Old & New : Architecture

emseas, 1 L
P& ’ l : dulization

Hybr 1d Hanok - OUN ( '13|:|'L_L 1; =z ) for Business Incubator Center J

i :
5 O

Incubating
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Collaboration with External Partners

%)

CAMU Team

. Faculty
:' Jeehwan
/' Lee, Ph.D.

Uhjin Soojeong Huiyeol Minkook
Lee, Leader Jin Lee Kim
JeongHun Mir;y_o-ung Jaekyung Hyunwoo

Cha Kim Kim Rho

+"" External Meeting
\ w/HANGLIM &

-I\/IJ Hanok R&D Centen

A}
1
1
1

Sep., 2021

Conclusion
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: Internal
! Kick—off meeting

Hyeon uk

Taeseok
Kwon

Joonhyeok
Seo

Ryunhong
Kang

Shin

' External Meeting
' w/ HANGLIM

1 . . L
iInternal Discussion Period,

10/28/21~11/10/21

_____________

1
L]

Déhyun
Lee

Dageon
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3z,
st MY
ff‘un
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NG CAMU

[

)X( AXIAmaterials

Consulting for Envelope Materials
| and Performances

HAENGLIM

Consulting for Architecture Design

Materials

B X TRAR AR

Han Kook Engineering Co., Ltd.

KR
[ Consulting for MEP Systems

Consulting for Timber Structure and

," External Meeting R ! N

| w/ AXIA Materials & ! ! VE/XTSQETJO%EGET%

{MJ Hanok R&D Centers 1, o
. -- e ----- — "‘r ----------- —

External Partners

3
LI.EE‘“

Consulting for Energy Performance
and Simulation

[

‘\00\09‘/ Develc,‘,l,'7

Consulting for Hanok Design and
Structure

Y ,, External Meeting R
'+ w/ Namoo Tech &
1 HANGLIM

External Meeting
w/ Namoo Tech

L ~ ) SEcREmTET
. Internal Design Period: 1 . Internal Intensive Production Period: . SOLAR
11/15/21~1/15/22 ! :‘ 12/15/21~2/18/22 ! PR S B
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